F
lexible bronchoscopy (FB) is a diagnostic and therapeutic tool of great value in clinical practice. However, it is an invasive procedure that is associated with frequent minor adverse effects such as nose and throat pain and with very few serious side effects. 1, 2 A survey 3 in the United Kingdom reported the use of topical anesthesia alone by 10% of physicians and of a benzodiazepine sedation alone by 63%. An opioid alone or in combination with benzodiazepine were preferred by 28% of physicians. Sedation has been shown to allay anxiety and to reduce stress, to improve patient comfort and co-operation, to provide amnesia, and to facilitate the bronchoscopic procedure. 4 Various sedation protocols have been proposed. 4 Deep sedation may improve patient tolerance to the procedure but is associated with morbidity and mortality. [5] [6] [7] A study 8 in children suggests that nitrous oxide may be efficient in reducing patient discomfort during FB. Very few and minor side effects have been reported with the use of this gas, which is widely used for its analgesic properties associated with light sedation. 9, 10 We therefore carried out a prospective, randomized, double-blind study to assess efficiency of a prefixed, equimolar nitrous oxide/oxygen mixture (N 2 O) on the reduction of patient discomfort induced by FB in adults.
Materials and Methods
The protocol was approved by the local Ethics Committee (Comité de Protection des Personnes dans la Recherche Biomé dicale), and signed informed consent was obtained from all participating patients before the procedure. Adult patients were recruited in the Lung Disease Department of a tertiary care hospital.
Patients were considered eligible for the study if they required FB for diagnostic purposes including BAL or bronchial biopsies. Patients were excluded if any of the following criteria were fulfilled: (1) absence of indication for BAL or bronchial biopsy leading to a FB duration too short to assess all parameters of patient stress; (2) respiratory failure as assessed by a FEV 1 Ͻ 1 L, FEV 1 /FVC ratio Ͻ 40%, and Pao 2 Ͻ 60 mm Hg breathing room air; (3) low performance status; (4) inability to answer the questionnaire; (5) pregnant or breeding women; and (6) contraindication to nitrous oxide usage: cranial hypertension, unconsciousness, pneumothorax, and vitamin B 12 deficiency. 11, 12 
Study Design and Measurements
This prospective, phase III, randomized, double-blind, parallel-controlled, monocenter trial was conducted in the CHI of Cré teil. Patients were included and randomized in two groups: the first group received prefixed, equimolar N 2 O (nitrous oxide group), and the second group received a prefixed equimolar nitrogen and oxygen mixture (control group). Gas mixtures were stocked in similar gas containers under a pressure of 170 bar, equivalent to 4 m 3 under a pressure of 1 bar at 15°C. A member of the department not involved in the endoscopy process was in charge of opening the randomization envelope. The same person was also in charge of selecting, setting up, and managing the gas container according to the randomization number. The container was connected to a facemask designed with a one-way valve for FB introduction. Gas flow was from 9 to 12 L/min. Administration of the gas started 3 min before the procedure and ended with the removal of the endoscope. All procedures were performed 10 min after local anesthesia similar in both groups and using 2% xylocaine nebulization in the oropharynx and nasal fossae and instillation on vocal cords and in the tracheobronchial tree not exceeding a total dose of 400 mg. Nasal introduction of the endoscope was the first approach. Three physicians participate in the study. The inclusion period extended from September 2000 to May 2002, a 21-month period.
The primary outcome was stress assessment using pulse rate and systemic BP (Critikon Dinamap; General Electric Medical Systems; Milwaukee, WI) at various time points: T0 ϭ 5 min before the procedure, T1 ϭ passing through the nose, T2 ϭ passing through the trachea, T3 ϭ during bronchial sampling, and T4 ϭ 5 min after the end of the procedure. Secondary outcomes were as follows: (1) self-assessment of pain using a visual analog scale (VAS), where 0 ϭ no discomfort and 100 ϭ procedure not tolerable; (2) satisfaction as assessed by a questionnaire (Web site material). Both items were completed 30 min after the procedure.
Tolerance was also assessed on objective criteria such as transcutaneous oxygen saturation (Spo 2 ) [Nellcor Model NBP-40, Les Ulis, France], bronchospasm, bradycardia (heart rate Ͻ 60 beats/min), nausea, vomiting, and any other unusual clinical manifestation. Adverse events leading to the premature ending of the procedure were also noted (anxiety, confusion, consciousness alteration).
Statistical Analysis
The number of patients to include in this study had been estimated using a two-sided ␣ of 5% and a ␤ risk of 10%. The hypothesis tested was that nitrous oxide treatment induces a reduction by 50% of the heart rate increase during FB. Under these assumptions, 120 patients per treatment group were necessary. As the rhythm of inclusions was slow, the trial was stopped earlier. Two hundred six patients were enrolled, resulting in a statistical power of 85%.
Results were analyzed with the intent-to-treat approach and expressed as mean Ϯ SE for all quantitative parameters with the exception of the VAS. The distribution of this parameter did not follow a normal distribution; therefore, results were expressed as median and quartiles. Variations in pulse rate, BP, and Spo 2 were analyzed using a analysis of variance (ANOVA) for repeated measurements.
For qualitative parameter comparisons, a 2 test was used. For quantitative parameters, a t test was used with the exception of VAS results, which were compared using a nonparametric MannWhitney U test. Data were analyzed using statistical software (Statistica; StatSoft; Tulsa, OK).
Results
Two hundred six patients were included and equally distributed between both groups: 103 in the control group (N 2 ) and 103 in the nitrous oxide (N 2 O) group. Patient characteristics and procedure conditions are shown in Table 1 . There were no significant differences between the groups for patient characteristics, endoscopy conditions, sampling procedures, introduction route, procedure length (10.4 Ϯ 4.4 min for all patients [Ϯ SD]), and duration of gas inhalation (13.6 Ϯ 4.2 min for all patients).
Primary Outcome
Hemodynamic Parameters: Effect of Time: As shown in Figure 1 , pulse rate showed a significant change during the procedure (p Ͻ 0.00001). Significant changes were a decrease between T0 and T1, followed by a pulse rate increase for T2 that was sustained at T3 and returned to a value not different from baseline at T4. BP was significantly changed during the procedure (p Ͻ 0.05; Fig 2) . BP increased from T0 to T2 and then decreased back to the baseline value at T4.
Hemodynamic Parameters: Effect of Treatment:
Baseline values were similar in the two groups (Fig 1,  2) . Nitrous oxide inhalation was associated with a significant reduction in BP increase between T0 and T1 (significant interaction, p Ͻ 0.04). As shown in Figure 2 , there was no significant change in BP in the nitrous oxide group, as opposed to a significant increase in patients receiving placebo (p ϭ 0.003). No significant interaction was noted for changes in heart rate (Fig 1) .
Secondary Outcomes
Self-Assessment: Among the 206 patients selected for the study, 1 patient was excluded for early withdrawal. The patient took off the mask at the beginning of the procedure (control group).
As assessed by the VAS, pain was lower in the N 2 O group (p ϭ 0.02). The response for the questionnaire query "Would you accept another bronchial endoscopy under similar conditions?" did not show any differences between the two groups. Estimated duration of the procedure was similar in both groups and matched the real duration. Nose pain as well as cough were significantly reduced in the N 2 O group as compared to the control group (p ϭ 0.04 for each item). Local anesthesia was equally tolerated in both groups. According to the questionnaire, the most uncomfortable period of the procedure was the moment of introduction of the bronchoscope. This discomfort time was reported less frequently in the nitrous oxide group but did not reach the level of significance. Results are reported in Table 2 .
Tolerance: No significant change in Spo 2 was noted during the procedure, and there was no effect of treatment (Fig 3) . Desaturation episodes defined as a transient decrease of Spo 2 Ͼ 4% were observed in 34 patients: 19 patients and 15 patients in the nitrous oxide and the control groups, respectively (Table 3) . Transient bradycardia episodes defined as a pulse rate Ͻ 60 beats/min were noted in 8 patients in the placebo group and 15 patients in the nitrous oxide group (not significant [NS]) [ Table 3 ].
Adverse Events: Adverse events 12 leading to the premature ending of the procedure were reported in 10 patients (Table 4 ). The most frequent side effect was anxiety in six cases (three patients in each group). Consciousness alterations were reported more frequently in nitrous oxide group. Two events were considered as severe: an anxiety episode in the placebo group, and a delirium episode in the nitrous oxide group. 
Discussion
In European countries, many ambulatory fiberoptic endoscopies are still performed after topical anesthesia only. This simplified approach without any premedication is safe and results in decreased expenditures. 16 However the procedure of FB is associated with constant discomfort and sometimes with pain, particularly during nasal introduction of the fibroscope. Therefore, sedation is an essential part of the procedure to prevent pain and to alleviate discomfort, leading to better cooperation and optimal efficacy of the endoscopy. In a retrospective study, 13 IV sedation was reported in 50% of the procedures; however, this technique requires the use of hospital and anesthetic resources and is associated with a low but real morbidity and mortality. Moreover, IV sedation limits dynamic analysis of the airways such as vocal cords dynamics, presence of local or diffuse malacia, or effects of voluntary cough. Therefore, a risk/benefit approach comparing the same procedure performed under general or local anesthesia is indicated. Some authors 14, 15 have proposed the systematic use of preoperative sedation by a benzodiazepine agonist such as diazepine or midazolam, but the effectiveness of these techniques remain controversial. 9,10,13,17-19 IV narcotics such as morphine and or fentanyl are not in routine use in some countries because, as in this case, the presence of an anesthetist is required by regulations. Two questionnaire surveys 3, 20 conducted in the United Kingdom emphasized large variations in the sedation procedures. Conscious sedation using inhalation of prefixed N 2 O/O 2 50%/50% mixture is one of the simplest form of sedation available. Utilization of the equimolar mixture possesses many significant advantages over other pharmacosedation and can give an alternative method of sedation. The onset of action of inhalation sedation is rapid (3 to 4 min), and recovery time is usually complete 5 min following administration.
The analgesic and sedative pharmacologic prop- erties of equimolar N 2 O have permitted its use in various settings because, as the mixture is without anesthetic effect, it does not require the presence of an anesthetist. 9, 10 Inhalation of this gas for a sedative purpose is associated with very few side effects, resulting in a large set of indications, such as care for trauma, skin burns, or procedures such as lumbar puncture and sutures. These features of nitrous oxide are of interest to alleviate the anxiety and nasal pain that is associated with the nasal introduction of the fiberoptic bronchoscope. This pain relief approach is in agreement with current recommendations. 21, 22 The present work as well as a previous publication 23 emphasizes this critical period of the procedure. However, pain management should not be limited to the use of analgesics. It has been shown that a clear evaluation of the patient before the procedure may significantly reduce the reported pain. 24 Moreover, the association of N 2 O with light preoperative sedation may be beneficial as a synergistic effect of both approaches. Hemodynamic changes are the most commonly assessed physiologic responses to stress. 25 BP and cardiac frequency 26 -29 were the chosen parameters for stress evaluation in our study. Both parameters (BP and pulse rate) were increased during FB but returned to baseline values as soon as the procedure was finished. Administration of N 2 O resulted in a significant reduction of the BP swing observed at the beginning of the procedure. Regarding the VAS, the group receiving nitrous oxide expressed significantly higher satisfaction than the placebo group. Analysis of the satisfaction questionnaire also showed a significant reduction in nasal pain related to the introduction of the fibroscope and in cough reported during the procedure. As previously reported in the literature, 11 N 2 O was associated with few and minimal adverse events in this trial, and the administration of the gas was well tolerated. Side effects were noted for two patients. One patients reported a severe but transient anxiety attack, and another patients had a short confusion episode. No significant differences were noted in Spo 2 and bradycardia episodes in the nitrous oxide group comparing to the control group. As long-term and frequent administration of nitrous oxide may influence the health of the personnel working in operating rooms, safety procedures for gas scavenging should be used. 30 It appears to be useful to emphasize this recommendation for endoscopists and their staff who are working in the breathing zone of the patient, as they may be exposed to high levels of nitrous oxide concentrations.
In conclusion, the present study suggests that prefixed equimolar N 2 O results in enhanced comfort for the patient and may be an efficient sedation solution that is intermediate between topical anesthesia and general anesthesia for performing FB under good conditions without any serious side effects. This approach, already validated for FB in children, 31 should be extended in adult clinical practice. Criteria allowing a better selection of patients who should nevertheless undergo general anesthesia remain to be established.
